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. 1 . Field of the Invention , 

This invention relates to polystyrene coiposltions with excellent 

antistatic properties. 

2 . Description of the Prior Art 

Styrene polyiers and copolyiers are used as packaging containers for 
their ease of lolding and fabrication. Sow of thei. such as polystyrene, 
styrene-butadiene block copolyiers, styrene-acryionitrile copolyiers. and 
styrene-iethyl lethacrylate copolyiers are highly transparent and are used 
for a variety of packaging containers where the transparency counts. 

These styrene polyiers and copolyiers. however, are theisclvcs 
insulators which tend lo accuiulate static charges: hence, they have 
disadvantages that they tend to attract dust or produce arcing lo persons 
touching thei. 

Of the lethods hitherto practiced to overcoie such disadvantages, one 
is to coat or iipregnate the articles lade froi styreno polyiers and 
copolyiers with antistatic agents and another is to incorporate antistatic 
agents lechanically into these styrene polyiers and copolyiers. 

The foner lethod produces an excel lent antistatic effect, but the 
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antistatic agent on the surface cones off wtien the surface is polished or 
washed. Therefore, a probiei with the Dellmd is a M of prolonged 
antistatic effect and another is poor resistance to water washing. 
Horcover. an extra operation, at additional cost, of coating or ioipregnating 
h the articles with antistatic agents becoses necessary. 

The latter nethod can exhibit an antistatic performance which is long- 
lasting and unaffected by water washing. On the other hand, the antistatic 
agent incorporated into the polymers sometimes bleeds out to mar the 
surface. This becomes a serious problem particularly in the cases where 
10 the polymers are applied to packaging containers in which the transparency 
counts. 

For inhibition of the blooming, a number of proposals have been made 
on the use of the following additives: nonionic antistatic agents of high 
molecular weights, amphoteric antistatic agents, and metal-anionic anti- 
15 static agent adducts; ethoxyiated amines as anlislalic agents (U. S. Patent 
No. 4.393.176); organic antistatic agents such as amines, amides, esters, 
and alcohols I recombination with lithium compounds [Japanese Patent Laid 
open No. 60-44536 (1985)]. 

The addition of these antistatic agents as proposed, however, is 
20 expected to be not very effective against polystyrenes for producing a 

strong antistatic effect and inhibiting the blooming over an extended period 
of time and much less effective against rubber-modified polystyrenes. 
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SttWMtY or 1)ir INVCNIION 

'"^ The object of thjs invenlion is lo provide polystyrene cbiposiiions 
fhicb can reiajn antistatic over an extended period liiiie little affected by 
nter nsliing and show a resistivity on the order of 10^ - lO^^Q vlthout 
5 losing the properties inherent in styrene polyiers and copolyiers such as 
. transparency and lechanical strength. 

The polystyrene coipositions of this invention are prepared by 
blending styrene poiyiors and copolyiers wilh glycerin fatty acid lonoester- 
alkylene oxide adducts and glycerin fatty acid lonpcsters as antistatic 
10 agents. 

DETAILED DESCRIPTION or TIIC INVENTION 

• • ■ 

i 

The glycerin fatty acid Mnoester-alkylene oxide adducts of this 
Invention are indicated by fonula (1) there Is a saturated or 
unsaturated higher ailtyi group, preferably containing 11 to 21 carbon atois. 
15 X is an alkyiene-group with 2 and/or 3 carbon atois. t and ■ are integers oc 
0 to S, and I ♦ I Is 1 to 5. The coipounds of fonula (I) include glycerin 

CHO (X0)2 H (I) 
CH. 0(X0) , H 

20 

lonostearate-ethylene oxide (2) adduct. glycerin lonostearate-elhyiene oxide 

- 3 - 
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(3) adduct. glycerin ■onopaliitate-propyiene oxide (1) adducl. glycerin 
Bonoiyristate-ethylene oxide (5) adducl. and glycerin nonolinoleate-ethylene 
oxide (2) adduct. 

The glycerin fatty acid lonoesters of this invention are indicated by 

^ formila (II) where R2 is a saturated or unsaturated higher alkyi group. 

preferably containing 11 to 21 carbon atoDS. The coopounds of foriula (II) 

CH, COOR, 
|2 2 

CHOH (II) 

10 ^2 

include glycerin nonooleate, glycerin nonolinolcate, and glycerin 

lonopalBitate. 

In accordance with this invention, the use of coopounds of foriuia 
(III), in coBblnation with the coopounds of both foroula (I) and foriula 
1^ (II). not only aUows hooogcneous oixing of these additives with the 

polyoer but also ioproves the antistatic and anti-bloooing effects by virtue 
of their good solvent effect. 

R3 Y (XO)n 11 (III) 



20 



In the coopounds of foroula (III). R3 is a saturated or unsaturated 
higher alkyI group, preferably containing 7 to 21 carbon aloos. oore 
preferably 11 to 17. Y Is an atooic group of -Citj 0- or -C00-. n is an 
integer 0 to 10; preferably 0 to 5. The coopounds of foroula (III) are 
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alcohols when Y Is -CII2 0- and n is 0; elhers when Y is -Cllj 0- and n is 1 
to 10; fatty acids when Y is -COO- and n is 0; and esters wlicn Y is -COO- 
and n is 1 to 10. They are, for exaipie. oieyl alcohol, oleic acid, and 

^ oleic acid-ethylene oxide (1) adduct. _ 

. 5 The coipounds of either formila (1) or forwla (II) can singly produce 

sow antistatic effect, but addition of greater aiounts required to attain 

« 

the desired level of antistatic effect will result in blooiing which brings 
out white powders on the surface of the articles. Tlic two compounds need 
to be used together. In coibination. Ihey can iiprove both the antistatic 

10 and the anti-biooiing effects. The coipouiids of fonula (III) alone do not 
produce the antistatic effect, but In coibination with the coipounds of both, 
fonula (I) and foriula (II). they not only enhance and prolong the 
antistatic effect but also inhibit the blooilnQ. thus exhibiting an iiproved 
overall antistatic perforiance. 

IS To each 100 parts by weight of styrcne polyiers and copolyicrs are 
added the coipounds of foriulas (I). (II). and (III) In aiounts of 0.1 to 
10 . 0.1 to lOrand 0 to 10 parts by weight respectively, preferably 
each 0.1 to 5 parts by weight. The sui of these coipounds is norially 0.3 
to 15 parts by weight, preferably 1 to 10 parts by weight, per 100 parts by 

20 weight of styrene polyiers and copolyiers. The ratios by weight of the 
coipounds are chosen as follows: (I)/(II) - 9/1 - 2/8 . preferably 3/1 - 
1/2: (I) ♦ (II)/(in) • 2/8 - 9/1. preferably 1/2 - 5/1. A lesser aiount 
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of the conpound of fornula (III) does not yield a honogcncous solution of 
these coBpounds. 

The styrene polyncrs and copolyncrs of this invention can be any which 
is applicable as packaging oiateriais. but they should preferably be 
5 aaterials of high transparency as this invention aios at improving the 
antistatic effect without degrading tlic ncciianical strengths and 
transparency. Exanpies of such transparent laaterials are polystyrene, 
styrene-butadiene block copoiyners. slyrene-acrylonltrile copolyocrs. and 
styrene-oethyl lethacryiale copoiyiers. Particularly desirable are block 

10 copolyaers prepared fron 80 - 40 parts by weight, preferably 70 - 60 parts 
by weight, of alkenylbenzenes such as styrene and 20 - 60 parts by weight; 
preferably 30 - 40 parts by weight, of dienes such as butadiene with the use 
of organolithiuD polynerization initiators and polyner compositions 
containing such copolyners. Exanpies are linear or branched slyrene- 

15 butadiene block copolyeers represented by Ihc following fornulas (IV) to 
(VII): 

(S-B) n (IV) 
8(B-S)n (V) 

20 ^^'-'h ^"^^ 

Z{(S-B) n ) J (VII) 

where S is a styrene block, B a butadiene block, n an integer 1 to 5. 

Z the residue of a polyfunctional coupling agent used for the preparation of 
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radial teleblock copolyiers. and d tlie nmbcr of the functional groups of 
the polyfunctional coupling agcni and an inlegcr of 3 or loro. The styrene 
-butadiene block copolyiers can be used blended with styrenc-acrylonitrile 
copolyiers. styrene-iethyl lethacrylaie copolyiers. and other transparent 

. 5 styrene polyiers and copolyiers. but the proportion of the coiponents to be 
blended should be kept within a range not affecting the transparency, or at 
MSt 90X by weight. 

The polystyrene coipositions of this invention can be prepared by 
blending a styrene polyier and/or eopolyicr in powder or pellet fann with 

10 the coipounds of foriulas (I), (II) and (ill) at specified ratios and 
converted directly into the products by such leans as injection lolding and 
extrusion lolding or the blends first obtained are lade Into pellets 
suitable as lolding latei-ials for injection and extrusion. Fach coipound 
■ay be blended separately into tite polyier. but it is preferable to prepare 

15 a solution of the coipounds of foriulas (1) and (II) in the coipound of 
fouiula (III) in advance and blend such a solution Into the polyier. It is 
of course possible, during this stop, to incorporata other known additives 
such as colorants, pigients. antioxidants, uilraviolet light absorbers, 
plasticizers. lubricants, and anti-blocking agents. 

20 As described above, the polystyrene coipositions of this invention can 
produce prolonged antistatic effects unaffected by water washing and attain 
a resistivity of 10^ - lO^^Q which is required, for cxaiplo. for packaging 



m 

0210655 

of Integrated circuit eienents without losing tlie transparency and 
nechanical strengths inherent in styrene polymers and copoiyiaers. 

DESCRIPTION OF TIIF PRFrERRFD EHBODIHEHIS 

This invention will be illustrated with reference to examples and 
5 comparative examples. The percentage or weight in the examples Is by 
weight unless otherwise specified. 
Examples 1-6 and Comparative Examples 1-5 

A styrcnc-buladienc block copolymer of formula (VII) containing 75X 
styrene and 25X butadiene (K-Resin KR 05. from Phillips 66 Company). 100 
10 parts, was mixed with 2 parts of one of A to J as an antistatic agent, 
kneaded and pelletized by a 40fflm-dlameler extruder, and then formed into 
test pieces 1mm thick by a 5-ounce injection molding machine. 
A: A blend consisting of; 

(1) glycerin monostearate-ethylene oxide (2) adduct 35 parts 
15 (2) glycerin monooleate 15 parts 

(3) oleyl alcohol 50 parts 

B: A blend consisting of; 

(1) glycerin monostearate-ethylene oxide (2) adduct 40 parts 

(2) glycerin monooleate 20 parts 
20 (3) oleic acld-ethylene oxide (1) adduct 40 parts 

- 0 - 
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- C: A biciid consist iiig of; 

(1) glycerin ■onoslearale-elhylciie oxido (3) adduct 40 pans 

(2) glycerin lonoolealc 20 parls 

(3) oleyl alcohol .^^J'^''^* 
5 D: A blend consisting of; 

(1) glycerin lonostearate-ethylenc oxide (2) adduct 15 parts 

(2) glycerin lonooleate 35 parts 

(3) oleyl alcohol 50 parts 
E: A blend consisting of; 

10 ^ (1) glycerin lonostearate-ethylcne oxide (2) adduct 50 parts 

(2) glycerin Mnooleate 50 parts 
F: A blend consisting of ; 

(1) glycerin ionooleate-elhylene oxide (2) adduct 40 parts 

(2) glycerin aonooleate 20 parts 
15 (3) oleyl alcohol 40 parts 

G: A blend consisting of; 

(1) glycerin distearate-ethylenc oxide (2) adduct 15 parts 

(2) glycerin lonooleate 35 parts 

(3) oleyl alcohol 50 parts 
20 H: Glycerin lonostearate 

I: Glycerin lonooieaie 
J: N.N-Bis (2-hydroxyethyl) stcarylniinc 

- 9 - 
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K: No antistatic agent added 

The test pieces were left stand in a test chaober controlled at 23*0 
and 50% huaidity and aeasured for the surracc resistivity and blooiing at 
speciTicd tiie Intervals. Ihe results are shown in Table 1. The surface 
resistivity was dcternincd with the aid of a surface resistivity tester 
(Hodel SH-10E. froi Toa Electronics. Ltd.) and the bloonlng was evaluated 
by visual observation and rated as follows: O. transparent with no 
blooning; A. blooiing in part; x, opaque with bloonlng. 

The properties dcteriined on the lest pieces in Examples 1 and 2 and 
CoBparative Exanpie 4 are shown in Table 2. 
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Exaipies 7-9 and Coiparalive Exaiplcs 6-8 

The branched styrene-buiadicne block copolynr used in ihe preceding 

exaipies ns blended with a polystyrene (Cslyrcne G-32, froi Nippon Steel 

Cheiical Co., Ltd.) at a ratio by wiighl of 8 : 2 and 100 parts of the blend 

was lixed with 2 parts of A. B. or C used in Exaipies 1-3. foncd into test 

pieces as above, and tested for the surface resistivity and biooiing at 

specified tiie intervals. The results are shoin in Table 3. 
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Fop evaluation of llie antistatic and anli-blooilno effects in Cxa«)lcs 
7-9. fllycerin lonostearale (II). Qlycerln ionooleale (I), or H.H-Bis (2- 
hydroxyelhyl) stearylaiine (J) alone was used In Co^iarative Exaipie 6. 7. 
or 8. and the test pieces lere prepared and tested for the surface 
5 resistivity and blooiiw sill larly. The results are show inlable 3. 
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1. A polystyrene coiposition consisting of a blend of a polyier or polyiers 
selected froi styrene polyiers and copolyiers; an adduct of a glycerin fatty 
acid lonoester and alkyiene oxides of forwla (I) 

5 CHO (XO). H (I) 

I ^ 
CHj 0 (X0)| H 

wherein is a saturated or unsaturated higher alkyl group, X 
is an alkyiene group with 2 and/or 3 carbon atoms and 1 and m are 
10 integers such that 1 + m is 1 to 5> and a glycerin fatty acid 
monoester o£ formula (II) 

CH, COOR9 

CHOH (II) 
CH, OH 

15 

wherein is a saturated or unsaturated higher alkyl group. 

2. A polystyrene coiposition according to claii 1, wherein a total of 0.3 
to 15 parts by weight of the coipounds of fonulas (I) and (II) is blended 
with 100 parts by weight of the polyier or polyiers selected froi styrene 

20 polyiers and copolyiers. 

3. A polystyrene coiposition according to claii 1 or 2, wherein the confound of 
fonula (I) is blended with the coipound of foriula (II) at a weight ratio 

of 9/1 to 2/8. 

4. A polyst^^rene coiposition according to any dt the clzdms 1 to 3, wherein 
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Xhs Gcopounds of fonnolas (I) and (II) are blended with a coqpound of 
formula (III) 

R3Y (XO)^ H UII) 

5 where R3 is a saturated or unsaturated higher alkyl group, 
:-..,^X is an alkylene group with 2 and/or 3 cari>on atoms, Y is an 
atomic group being either -CHjO- or -C0O-, and n is an 
integer 0 to 10. 

5. A polystyrene coiposition according to claii 4, wherein ttie coipounds 
10 of fonulas (I). (II). and (III) are eaci) added at a rale of 0.5 to 5 parts 

by weight to 100 parts by weight of the polyier or polyiers selected froi 
styrene polyiers and copolyiers. 

6. A polystyrene coiposition according to claii 4 or ciaii 5, wherein 
the ratio by weight of the sui of the coipounds of fonulas (I) and (11) to 

15 the coipound of fornila (III) is 2/8 to 9/1. 

7. A polystyreie oaqposition aooocdlng to any of the dajms 1 to 6, 
whBieln the pdsner is a Woedt oopblyDMC of an alJoenylbenzaje and a diene. 

8. A polystyrene coiposition according to claii 7, wherein the polyier is 
a branched Gyrene-butadiene block copolyier. 

20 9. A polystyrene ocaiosition aoootdlag to any of the claims 1 to 

in the polymer Is canosed of a styrene-butadiene Mot* copolymer and 90 % 
by weight or less of another styrene polymer and/or copolymer. 

10. A polystyrene coiposition according to claii 9, wherein the other 
styrene polyier and/or copolyier to be used with the styrcne-buladicno 
25 block copolyier is a polystyrene, a styrcne-acrylonilrlle copolyier. or a 
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